In the work of Ezhkova et al., the conditional knockout of Ezh2 occurs in the basal keratinocytes, cells that have already entered the epidermal pathway. In these cells, the genes controlling the pluripotent state as well as other differentiation pathways have been silenced by PcGindependent processes. Perhaps a model for this can be found in the regulation of the Oct4 gene: when ES cells are induced to differentiate, the Oct4 gene promoter is bound by transcriptional repressors, which recruit the H3K9 methyltransferase G9a, in turn leading to de novo DNA methylation and permanent shutdown of its expression (Feldman et al., 2006; Epsztejn-Litman et al., 2008) . In this view, PcG-based mechanisms emerge as the flexible dynamic field artillery of genomic repression as opposed to the heavy artillery represented by DNA methylation.
Is (Morrison and Davis, 2003) . In the budding yeast, the archetypical MAPK signaling pathway requires the successive activation of three protein kinases, MAP kinase kinase kinase (MAP-KKK), MAP kinase kinase (MAPKK), and MAPK (Figure 1 ). The MAPK cascade responsible for activating the budding yeast mating response is organized around an essential scaffold protein Ste5, which has separate binding sites for MAPKKK, MAPKK, and MAPK. In the mating response signaling cascade, a MAPKKK called Ste11 is activated first by upstream signals; it then activates the MAPKK Ste7, which in turn activates the MAPK Fus3 (Chen and Thorner, 2007) . The central question addressed by Good and coworkers concerns how the scaffold protein Ste5 helps the MAPKK Ste7 distinguish between two possible MAPK substrates-Fus3 or the very similar Kss1-in the last step of the MAPK cascade. Activation of Fus3 results in correct induction of the mating response, whereas activation of Kss1 triggers filamentous growth. Although Fus3 and Kss1 share a high degree of sequence identity (55%), Fus3 is an extremely poor substrate for the MAPKK Ste7 in the absence of a scaffold, whereas Kss1 is a good substrate for Ste7 without requiring a scaffold.
In their new study, Good et al. (2009) now report the unexpected finding that a newly identified domain in the scaffold protein Ste5 (Ste5ms) allows the scaffold to change the activity of the MAPKK Ste7 toward Fus3 and Kss1. The authors find that the Ste5ms domain boosts the activity of Ste7 for Fus3 by ?5000-fold without affecting the activity of Ste7 when Kss1 is the substrate. What is particularly intriguing is that the Ste5ms domain does not achieve this differential activation of Ste7 by preferentially tethering one of the two possible substrates to the kinase, as would be predicted on the basis of the classical notion of how a scaffold protein works. Indeed, Good et al. observe that the MAPKK Ste7 actually binds very tightly to Fus3 without requiring the scaffold protein at all. Amazingly, Fus3 has no detectable affinity for Ste5ms, the minimal activating domain of the scaffold protein. So, if tethering is not involved, how does the Ste5ms domain transform Fus3 from a poor substrate into a more palatable one for the MAPKK Ste7?
Good and coworkers determined the crystal structure of the Ste5ms domain and show that there are two interfaces necessary for stimulating Fus3 activation. One interface mediates binding to Ste7, and the other is required for specific coactivation of Fus3. On the basis of this structure and an impressively detailed biochemical dissection of the activation mechanism, the authors propose a model in which the Fus3 MAPK exists by default in a "locked" conformation that makes it a poor substrate for the upstream MAPKK Ste7. Thus, even though Fus3 and Ste7 are capable of binding tightly to one another, the phosphorylation site on Fus3 remains inaccessible to Ste7 until the coactivatorlike Ste5ms domain joins the two kinases and "unlocks" Fus3 ( Figure  1 ). In the unlocked conformation, the phosphorylation site of Fus3 is now accessible, making this MAPK a good substrate for phosphorylation by Ste7. How does the Ste5ms domain "unlock" the Ste7 substrate at the molecular level? It is tempting to speculate that the Ste5ms domain achieves this by acting like a chaperone and locally changing the MAPK's fold to reveal its phosphorylation site to the MAPKK.
The model introduced by Good and coworkers illustrates a characteristic advantage of protein colocalization: the high local concentrations of Fus3 and Ste7 on the Ste5ms scaffold domain provide a thermodynamic boost that can be used to pay the energetic penalty of "unlocking" Fus3. It is not surprising that scaffold proteins are turning out to be allosteric regulators of the signaling molecules that use them as docking sites. The docking function of scaffold proteins may in fact predestine them to evolve additional roles as allosteric regulators. Colocalization of proteins on scaffolds or within cell membranes increases their local concentration so dramatically that protein-protein interactions can occur frequently even if the intrinsic binding affinities of the proteins are low (Kuriyan and Eisenberg, 2007) . Under these circumstances, even single mutations can drastically change the propensity for a Beyond tethering all three kinases together, the scaffold protein Ste5 also "unlocks" the Fus3 MAPK, enabling it to be phosphorylated and activated by the MAPKK Ste7.
protein pair to interact, thereby allowing specific interactions and allosteric regulatory mechanisms to evolve relatively quickly. Scaffold proteins can therefore act as "catalysts" for the evolution of specific interactions between the proteins that are bound to them. They can also acquire the ability to directly control the activities of the docked proteins, as illustrated here by the action of the scaffold protein Ste5 on its clients Ste7 and Fus3. This incisive mechanistic analysis of MAPK signaling by Good and coworkers may well change our view of scaffold proteins as the boring partners of catalytically active kinases. These results also show us that unexpected relationships can develop when evolution tinkers with molecules that are tethered together.
